where d is the operation of exterior differentiation. If h is any endomorphism of 8, one defines a conservation law for h as any 6 e= 8 for which both 6 and A6 are exact. Conservation laws defined in this manner can be shown to have a relation to conservation laws in the sense of physics. For a given h e Horn (8, 8), the problem investigated in this paper is that of obtaining all conservation laws for h. It will also be convenient to modify the problem slightly by placing some restrictions on h. These will be announced in section 3.
We shall denote elements of § by 6, y, ... and elements of E by L, M, . . .. If 0L is the ring of endomorphisms generated by h and scalar multiplications, then h is cyclic (i.e., non-derogatory) on § if and only if there exists an element 0 e 8 such that 0L 9 == 6; 8 is called a generator of 8 with respect to h. Equiva-320 A. P. STONE lently h is cyclic on 8 if and only if the minimal and characteristic polynomials of h are identical. Hence if h is cyclic and 9 is a generator of 8, then (9, A9, . . ., A"9) is a basis for 8 and with respect to this basis h is represented by the matrix
and the characteristic equation for h is
Finally, we note that A is cyclic on 8 i/* and only if the adjoint of h is cyclic on E. Since we shall write Lh when the action of A is on L e= E, and A9 when h acts on 9 e 8, no distinction in notation will be made between h and its adjoint. That is, (LA, 9) = <L, A9).
Nijenhuis Torsion.
An element h e Horn (8,8) induces homomorphisms of the exterior algebra A*8 generated by 8. Since 8 is a free module generated by du°, . . ., c?u", A*8 == A°8 © A^ e • • • e A"-ŵ here A°8 == A and A^ == 8. In particular we make use of the induced transformations, for any 0 e 8. It was originally defined in [2] and it also appears in [1] and [4] . 
The Problem of Conservation Laws.
The problem of conservation laws is to find all forms 6 <= 8 such that both 6 and A6 are exact, for any given h e Horn ( §, 8).
A
The existence and uniqueness of conservation laws has been established in [4] , by Osborn under the conditions that h be cyclic, that [h, h] vanish, and that there exists a generator L e E such that (L, LA, ..., LA") all commute. It is the purpose of this paper to show that the commutativity condition may be removed if one strengthens the condition that h is cyclic to the condition that h possess distinct eigenvalues. While this involves the introduction of the complex field into the problem, the condition of distinct eigenvalues is not unnatural since it appears in the study of hyperbolic systems of partial differential equations. Finally, the condition that [h, h] vanishes is an integrability condition which in fact guarantees the existence of a basis of conservation laws for 8.
Distinct Eigenvalue Case.
Let h have distinct eigenvalues Xo, ....X^ and denote by Lo, . . ., L^ a corresponding eigenvector basis for E. Then the vanishing of the Nijenhuis torsion of A is a necessary and sufficient condition that there exist coordinates ^°, ...,?" such that -;-? • • •, -is an eigenvector basis for E, and that° ^n °t he eigenvalues X, are functions of a single variable v\ As The preceding results are obtained in [2] .
In the event that all of the eigenvalues are constant, one easily obtains a basis of E generated by an L with the property that (L, LA, . . ., LA") all commute. 
A Decomposition of 8.
With these special cases disposed of, let us assume that (Xo, . . ., Xp) are locally constant and that (Xp+i, . . ., XJ are locally non-constant. Let us also assume that all of these eigenvalues are distinct. Let (6°, . . ., O^, O^, . . ., 6") be a corresponding basis of eigenforms of 8, and let us consider the direct sum decomposition 8 = S^ e §2 where @i is spanned by the eigenforms (9°, . . ., 9^ and 83 ls spanned by the eigenforms (9 P+1 , . . ., 9"). One may also regard h as a direct sum Ai©/i2, and it is easily verified that [A(, AJ == 0 if [A, h] = 0. We then note that there exist projections P, of 6 onto ^, i = 1,2, satisfying (i) (") (iii) P?=P.
PA=0
Pi + P, = I. LEMMA 5.2. -Let P be any projection. Then
The proof of Lemma 5.2 is a direct verification from the definitions of P< 1 ) which are given in equations 2.1 and 2.2. This lemma may then be applied to obtain the following theorem. It is easy to verify that -is a generator with respect to h_ i7 of the space E^ which is dual to ^i. It is somewhat harder to verify that -is a generator with respect to h^ of Eg. The WQ idea of the proof, which is similar to that contained in Lemma 4.2, is a follows. If A is the Vandermonde determinant of the eigenvalues Xp+i, ...,X», one finds that the relations 
dz"
The last statement then guarantees that if one solves the problem of conservation laws in 81 and 8g separately, then the problem is also solved in 8. Since the last theorem also removes the commutativity restriction imposed in [4] , at least for the case of distinct eigenvalues, one is now in a position to obtain conservation laws.
